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1/14/14 Lecture

 Course Overview http://tinyurl com/neur8020 Course Overview http://tinyurl.com/neur8020

 Scientific Method
Evolutionary Biology Evolutionary Biology



Knowledge observation and recall of information,  knowledge of dates, events, places, knowledge of major ideas,  
mastery of subject matter 

Bloom’s Taxonomy

Question Cues: list, define, tell, describe, identify, show, label, collect, examine, tabulate, quote, name, who, 
when, where

Comprehension understanding information, grasp meaning, translate knowledge into new context, interpret facts, compare, 
contrast 

order, group, infer causes, predict consequencesorder, group, infer causes, predict consequences 

Question Cues: summarize, interpret, contrast, predict, associate, distinguish, estimate, differentiate, discuss, 
extend, how, why

Application use information, use methods, concepts, theories in new situations, solve problems using required skills or 
knowledge 

Question Cues: apply, demonstrate, calculate, complete, illustrate, show, solve, examine, modify, relate, 
change, classify, experiment, discover 

Analysis seeing patterns, organization of parts, recognition of hidden meanings, identification of components 

Question Cues: analyze separate order explain connect classify arrange divide compare select explainQuestion Cues: analyze, separate, order, explain, connect, classify, arrange, divide, compare, select, explain, 
infer 

Synthesis use old ideas to create new ones, generalize from given facts, relate knowledge from several areas, predict, 
draw conclusions 

Question Cues: combine integrate modify rearrange substitute plan create design invent what if?Question Cues: combine, integrate, modify, rearrange, substitute, plan, create, design, invent, what if?, 
compose, formulate, prepare, generalize, rewrite 

Evaluation compare and discriminate between ideas, assess value of theories, presentations, make choices based on 
reasoned argument, verify value of evidence, recognize subjectivity 

Question Cues: assess, decide, rank, grade, test, measure, recommend, convince, select, judge, explain, Q , , , g , , , , , , j g , p ,
discriminate, support, conclude, compare, summarize 



Learning Goals for Integrative Neuroscience
 General Goals:

 Develop problem-solving skills
 Develop the ability to work productively with others Develop the ability to work productively with others
 Develop the ability to draw reasonable inferences 

and make predictions from observations
 Develop the ability to synthesize and integrate 

information and ideas
 Develop the ability to apply principles learned to p y pp y p p

new problems and situations
 Develop the ability to think holistically: to see the 

big picture as well as the partsbig picture as well as the parts
 Develop the ability to think creatively
 Develop the capacity to think for yourself 



Levels of AnalysisLevels of Analysis
 Molecular (gene expression, regulation)
 Cellular/synaptic Cellular/synaptic
 Integrative/Systems (circuits, networks)
 Comparative (model systems)( y )
 Behavioral/Cognitive



Prerequisite knowledge (Review)Prerequisite knowledge (Review)

 Scientific method Scientific method 
 Evolutionary biology

Animal phylogeny Animal phylogeny



Science requires:Science requires:

 Materialism (natural causation)
 Testability (prediction)y (p )
 Falsifiability (standards of evidence)

http://nssdc.gsfc.nasa.gov/planetary/image/featherdrop_sound.mov



Lay definitions



Terminology

 Theory Theory 
 Fact

H th i Hypothesis 
 Law

http://biology.clc.uc.edu/Courses/bio104/sci_meth.htmp gy _



Georgia Evo-Wars
Cobb County Textbook Disclaimer:

“Evolution is a buzzword that causes a lot 
of negative reaction”  -Kathy Cox, State 
Superintendent of Schools

"There is validity in creation science theory as 
ll  B th h ld b  t d [i  bi l  well. Both should be presented [in biology 

class].”   -Teresa Plenge, GSU grad, Cobb 
County Board of Education member

“A theory can be wrong. If it's wrong, or possibly could be 
wrong, don't teach it. Teach it with facts. If you've got facts 
to back it up  that's great  but if you don’t  don’t teach it!”  to back it up, that s great, but if you don t, don t teach it!   
-Republican State Rep. Ben Bridges 



Georgia Evo-Wars, to be continued

“All that stuff I was taught about evolution and embryology and the 
Bi B Th ll th t i li t i ht f th it f H ll ” RBig Bang Theory, all that is lies straight from the pit of Hell,” –Rep. 
Paul Broun, R-Athens, candidate for US Senate 
http://www.youtube.com/watch?v=ZBy3MbP4WDo



Climate wars
“Every cow in the world, you know, 
when they do what they do, you’ve got y y , y g
more carbon dioxide.” —Speaker of the 
House John Boehner (R-OH)

“The ice caps are melting, which we see 
over and over again. Yeah, they’re 
melting on Mars, too!” — Congressman g g
Dana Rohrabacher (R-CA)

“It is not proven it’s not science It’sIt is not proven, it s not science. It s 
more of a religion than a science.” —
Congressman Steve King (R-IA)



Science requires:Science requires:

 Materialism (natural causation)
 Testability (prediction)
 Falsifiability (standards of evidence)

 Karl Popper: there is no such thing as proof in science -
because some later alternative explanation may be as goodbecause some later alternative explanation may be as good 
or better - so that science advances only by disproofs. There 
is no point in making hypotheses that are not falsifiable 
because such hypotheses do not say anythingbecause such hypotheses do not say anything.



Correlation vs CausationCorrelation vs. Causation

 Example: Example:
 Observation: mosquitoes and warm weather go 

togethertogether
 Hypothesis: mosquitoes heat up the air!
 Inference: cause and effect? Inference: cause and effect?



Correlational/Descriptive Studies

 Correlational studies are valuable but have risks
 reverse causation
 third variable



Manipulative experiments

 Experiments that manipulate a variable usually provide p p y p
stronger evidence, but may raise ethical issues.
 Ethical use of research animals
 Ethical use of human subjects



Understanding the Scientific MethodUnderstanding the Scientific Method 
The minimum form of the Scientific Method:
 OBSERVATION – You notice a phenomenon.

QUESTION Wh /H d thi h ? QUESTION – Why/How does this phenomenon occur?
 HYPOTHESIS – An explanation for why the phenomenon in the question is 

occurring. This is a statement, not a question.
 PREDICTION This is a rigorous statement forecasting what will happen 

d i t l diti “If th h th i i t th I ld tunder experimental conditions. “If the hypothesis is true then I would expect 
result ‘X’.  If it is false I expect the result to be not ‘X’ but ‘Y’.” 

 TEST the hypothesis: Collect and analyze data.
 INTERPRET –

 What do the results mean?  Is the hypothesis supported or not supported by 
the data?  Did you include controls for alternate hypotheses?  Might your 
results have some other explanation? 

 Build a logical tree of exclusions : "Our conclusions might be invalid if … 
The experiments that could eliminate these alternatives are “The experiments that could eliminate these alternatives are….“

 Now you can design the next experiment!



Example:
 Observation – You come home to find the lights are out.
 Question – Why are the lights out? Question – Why are the lights out?
 Hypothesis – The lights are out because the switch is in the off 

position.
 Make a Prediction:  IF the lights are out because the switch is g

in the off position, THEN when I flip the switch, the lights will 
come on.  IF NOT, THEN flipping the switch will not help.

 Test the Hypothesis- Collect Data – Flip the switch and record 
what happens. What if your hypothesis is false? What if itwhat happens. What if your hypothesis is false?  What if it 
seems to be true?  Be a Skeptic!

 Interpretation – You might then manipulate a 2nd variable to 
test an alternative hypothesis- maybe the light bulb is burned 
out If the light is burned out then when you change the lightout.  If the light is burned out, then when you change the light 
bulb the lights will come on.  If not...  What other alternatives can 
you rule out?  What is your next experiment?



Peer to Peer Teaching Session
1. Based on your observations of the world around you, pose a 

question about some phenomenon of interest to you. 
2. Develop a hypothesis (one possible, tentative answer to your 

question) about some specific aspect of your question that 
could be tested using the scientific method. 

3 State o r predictions as possible o tcomes sing logical (if3. State your predictions as possible outcomes using logical (if-
then, if not-then) statements.  If your hypothesis is true, then 
what specific, measurable results would you expect to observe 
as a consequence of testing your hypothesis?  If your q g y yp y
hypothesis is false, what specific, measurable results would 
you expect to observe?

4. Describe an experiment that could be used to test your 
h th i Wh t ld d h t t ldhypothesis.  What would you do – what steps would you 
perform to see if you get your predicted results?  What would 
be your control group(s)?  What ONE factor will be varied in 
each of your experimental groups?each of your experimental groups? 



Controls- a closer lookControls a closer look
 Negative Control (expect no effect)

 Everything the same except the variable to be tested Everything the same except the variable to be tested
 e.g. Vehicle for drug

 Positive Control (expect an effect)
Is it possible to obtain the effect? Is it possible to obtain the effect?

 Is the system operational? (reagents, equipment)
 What is the criterion for a positive effect? (statistics)

 Method and reagent controls
 Employ multiple methods that are expected to produce the same 

outcome and multiple different tests of the hypothesis
 Replication
 Experimentalist controls- Blinded analysis
 Tests of alternate hypotheses Tests of alternate hypotheses



Reasons for Grant RejectionReasons for Grant Rejection
 Lack of new or original ideas
 Diffuse superficial or unfocused research plan Diffuse, superficial, or unfocused research plan
 Lack of knowledge of relevant published work
 Lack of experience in the methodologyLack of experience in the methodology
 Uncertainty about future direction
 Questionable reasoning/logic in approach
 Absence of an acceptable scientific rationale
 Unrealistically large amount of work
 Lack of sufficient experimental detail
 Uncritical approach



Pearls of Wisdom
 Leo Szilard: "The problems … are closer to solution than is generally believed. If you 

do stupid experiments, and finish one a year, it can take 50 years. But if you stop 
doing experiments for a little while and think…, there are only about 5 different 
possible [solutions], not 50! And it will take only a few experiments to distinguish 
th "these." 

 Biology, with its vast informational detail and complexity, is a "high-information" field, 
where years and decades can easily be wasted on the usual type of "low-information" 
observations or experiments if one does not think carefully in advance about what the 
most important and conclusive experiments would be. p p

 Cy Levinthal: "Well, there are two kinds of biologists, those who are looking to see if 
there is one thing that can be understood and those who keep saying it is very 
complicated and that nothing can be understood. . . . You must study the simplest
system you think has the properties you are interested in." 

 Karl Popper: there is no such thing as proof in science - because some later Karl Popper: there is no such thing as proof in science - because some later 
alternative explanation may be as good or better - so that science advances only by 
disproofs. There is no point in making hypotheses that are not falsifiable because 
such hypotheses do not say anything.

 T.C. Chamberlin: "The moment one has offered an original explanation for a 
phenomenon which seems satisfactory that moment affection for his intellectual childphenomenon which seems satisfactory, that moment affection for his intellectual child 
springs into existence, and as the explanation grows into a definite theory his parental 
affections cluster about his offspring and it grows more and more dear to him. . . . 
There springs up also unwittingly a pressing of the theory to make it fit the facts and a 
pressing of the facts to make them fit the theory..." 

from John R. Platt (1964) "Strong inference“. Science 146 (3642) 





3 things are necessary for evolution

1. Variability
H it bilit2. Heritability

3. Superfecundity (nod to Thomas Malthus)

“Overpopulation" by John Pitre 



Evolution:Evolution:
 is defined as a change in allele frequency in a population 

f i tiof organisms over time,
 is frequently and directly observed, and
 is responsible for much of life’s diversity (common is responsible for much of life s diversity (common 

descent with modification).
 Darwin’s Theory of Evolution by Natural Selection 

proposes a mechanism for evolutionproposes a mechanism for evolution.
 Other mechanisms of evolution, such as genetic drift or 

mutation, are random and may not result in adaptation to 
th i tthe environment.



Misconceptions about Evolution include:

 Evolution is “only a theory”?
Evolution can’t be “proven” Evolution can t be proven
 because no one was present when life was formed?
 because it occurred in the past and we can’t study the past?
Evolution operates by random chance? Evolution operates by random chance?
 Corollary:  Isn’t life too complex to have arisen by chance?

 Speciation (macroevolution) has never been observed?
Th t iti l f il di t d b D i h t b f d? The transitional fossils predicted by Darwin have not been found?

 If Darwin says our uncles were monkeys why are there 
still monkeys?
E l ti i l t th 2 d L f Th d i ? Evolution violates the 2nd Law of Thermodynamics?



Maintaining Genetic Variation g

 Sexual reproduction generates an endless variety of p g y
genotypic combinations that increase the evolutionary 
potential of populations, but does not influence allele 
frequencyfrequency.  

 Instead, it generates new combinations of alleles on 
which natural selection can act.



Homology + Variation = Evolution

" .. evolution is the control of development by ecology." 
L i h  V l  U f Chi  C itt   E l ti  Bi l-Leigh van Valen, U of Chicago, Committee on Evolutionary Biology



Constraints on Evolution

 Natural selection acts by modifying what already exists. 
A population cannot get temporarily worse in order to 
achieve some long-term advantage.

 Natural selection does not seek perfection only “good Natural selection does not seek perfection, only good 
enough” fitness for a particular environment.

 When the environment changes, the definition of “good 
enough” will also change, because the selection 
pressure is pushing in a different direction.

 Sickle cell anemia is a good example [link] Sickle-cell anemia is a good example [link]

http://www pbs org/teachers/connect/resources/3349/preview/http://www.pbs.org/teachers/connect/resources/3349/preview/



Rates and Patterns of Change 

• Rates of evolutionary change have been 
very uneven (Punctuated Equilibrium). 

• Evolution is rapid when changes to the 
physical or biological environment create 
conditions that favor new traitsconditions that favor new traits. 

• Truly novel features of organisms have 
evolved infrequently. Most evolutionary 
h th lt f difi ti fchanges are the result of modifications of 

already existing structures (e.g. whale 
evolution).





PhylogenyPhylogeny


